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Solar radiation contains ultraviolet B (280–315 nm)
and ultraviolet A (ultraviolet AII, 315–340 nm; ultravi-
olet AI, 340–400 nm) wavebands. Ultraviolet B is
known to suppress certain aspects of cell mediated
immunity. Using three ultraviolet lamps (the broad-
band ultraviolet B TL-12, the narrow-band ultraviolet
B TL-01 and an ultraviolet AI source), we investigated
the dose and waveband dependencies for the suppres-
sion of contact hypersensitivity to oxazolone and
delayed-type hypersensitivity to herpes simplex virus,
plus the formation of cis-urocanic acid in C3H/HeN
mice. A single exposure of 1500 J/m2 TL-12 or
10,000 J/m2 TL-01 or 500,000 J/m2 ultraviolet AI
corresponded to 1 minimum erythema dose in this
mouse strain. The percentage of cis-urocanic acid of
the total urocanic acid rose from a background level
of 1.7% to 40% with 1000 J/m2 TL-12 or 10,000 J/m2
Ultraviolet (UV) radiation can be divided into theUVB (280–315 nm) and the UVA (315–400 nm)wavebands. The UVA waveband is further dividedinto UVAII (315–340 nm) and UVAI (340–400 nm). The ozone layer prevents any UVC
radiation (,280 nm), and a large proportion of the UVB radiation,
from reaching the Earth’s surface. The thinning of the protective
ozone layer has been accompanied by increasing levels of penetrating
UVB radiation in some parts of the world, and has led to concern
over the resultant effects on human health (Garssen et al, 1998).
Exposure to UVB has been shown to suppress cell-mediated
immunity, frequently using contact hypersensitivity (CH) (Noonan
and De Fabo, 1992) and delayed-type hypersensitivity (DTH)
(Howie et al, 1986) assays, and to induce tolerance to antigens
encountered after the irradiation (Baadsgaard et al, 1990). Increased
exposure to UVB may therefore lead to an increased incidence
of infectious diseases or more severe infections, and a higher
frequency of skin cancers. Few investigators have examined
the effects of UVA radiation on the immune system. Although
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TL-01, but only 17% cis-urocanic acid was obtained
with 500,000 J/m2 ultraviolet AI. The contact hyper-
sensitivity response was significantly suppressed after
a minimum dose of 5000 J/m2 TL-12 or 50,000
J/m2 TL-01 or 500,000 J/m2 ultraviolet AI. The
delayed-type hypersensitivity response was suppressed
by a minimum dose of 100 J/m2 TL-12 or 10,000
J/m2 TL-01 or 1000 J/m2 ultraviolet AI. So, whereas
a low dose of ultraviolet AI reduced the delayed-type
hypersensitivity response, a 500-fold higher dose was
required to suppress contact hypersensitivity. There
was no correlation between the suppression of these
responses and the concentration of cis-urocanic acid
in the skin. Thus different mediators may modulate
the various immune responses affected by ultraviolet
exposure, depending on the wavelength of the radi-
ation. Key words: antigen presentation/immunosuppression.
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the wavelength distribution of solar UV radiation varies with
latitude, the fluences of UVA radiation are generally 10–50-fold
higher than those of UVB (Elwood and Diffey, 1993).
Trans-urocanic acid (trans-UCA), a compound that is present at
a high concentration in the upper layers of the skin (Baden and
Pathak, 1967), absorbs UV radiation and is converted to the cis-
isomer in a concentration-dependent manner until the photo-
stationary point is reached when approximately 50% of the total
UCA is in the cis form (Anglin et al, 1961). Treatment of
mice with cis-UCA has been shown to mimic some of the
immunosuppressive effects of UV irradiation, suggesting that cis-
UCA may be one of the initiators of UV-induced immune
modulation (Noonan and De Fabo, 1992; Norval et al, 1995). The
action spectrum of trans-UCA to cis-UCA photoisomerization in
mouse skin exhibits a peak between 300 and 315 nm (Gibbs et al,
1993a), but this study was performed using wavelengths only up
to 340 nm. Three reports indicate that UVAI wavelengths do
induce cis-UCA, the first in mouse skin (Webber et al, 1997), the
second in human skin (Kammeyer et al, 1995), and the third in
suction blister fluid of human subjects (Skov et al, 1998).
The waveband dependencies for the immunosuppressive effects
of UV irradiation have been studied in a limited number of model
systems. Action spectra for mouse edema and human erythema in
the range 260–330 nm (Cole et al, 1983) and an action spectrum
for the suppression of CH in mice within the range 250–315 nm
(Noonan and De Fabo, 1992) have been published, but very little
data are available on wavelengths higher than 340 nm. Previous
reports from our laboratory, and from others, have indicated that
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Figure 1. The spectral output of the
three UV sources. The output of the
broad-band TL-12 UVB (a, dotted line),
the narrow-band TL-01 UVB (a, solid line)
and the Dr Honle Light Tower UVA source
(b: the unfiltered UVA is represented by
the dotted line and the Cation-X filtered
UVA by a solid line) are shown.
CH and DTH responses are initiated and suppressed by UV
irradiation using different mechanisms (Kim et al, 1990; El-Ghorr
and Norval, 1995; El-Ghorr and Norval, 1997), despite both
being T helper 1-mediated hypersensitivity responses (Cher and
Mosmann, 1987). This study aimed to investigate the waveband
dependency of the UV-induced suppression of the CH and DTH
responses, and to establish whether cis-UCA plays a significant part
in the modulation of either of these responses.
MATERIALS AND METHODS
Mice Female C3H/HeN mice (a UV susceptible strain), aged 8–12 wk,
were used throughout. All mice were bred and weaned under pathogen-
free conditions in the departmental transgenic animal facility. During the
experiments, they were kept in a 12 h light/dark cycle (shielded fluorescent
light tubes) in standard mouse boxes, and had unlimited access to food
and water. An electrical clipper was used to shave the backs of the mice,
prior to any UV exposure. The mice were irradiated on their shaved dorsal
surface while control mice were shaved and sham irradiated by being
placed under the appropriate source without the UV radiation being
switched on. Cervical dislocation was performed to kill the mice.
UV radiation sources Three different UV sources were utilized (Fig 1).
A bank of two Philips TL-12 lamps, which emitted a broad spectrum of
UVB radiation between 280 and 360 nm with a peak at about 305 nm
and produced an irradiance of 2.5 W/m2 (150 J/m2/min) at a distance of
20 cm from the source; a Philips TL-01 lamp which emitted narrow-band
UVB radiation between 310 and 312 nm and produced an irradiance of
2 W/m2 (120 J/m2/min) at a distance of 20 cm from the source; and a
Dr. Honle Light Tower source which emitted broad-band UVA radiation
in the range 315–400 nm and produced an irradiance of 45 W/m2 (2700 J/
m2/min) at a distance of 40 cm from the source. All three lamps
were gifted by Dr. Neil Gibbs, Photobiology Unit, Ninewells Hospital,
University of Dundee. The output of the sources was determined using a
filtered photodiode meter, which was calibrated against measurements
made with a UV-visible spectroradiometer (model 742, Optronic Laborat-
ories) across the spectral range 250–450 nm. The spectroradiometer was
calibrated against tungsten halogen and deuterium standard sources which
are calibrated by the U.K. National Physical Laboratory, Teddington,
London. The UVA source emitted 0.5% of its output in the UVB range.
In order to eliminate the effects of this low-wavelength radiation, a Cation-
X filter [2,7-dimethyl-diaza-(3,6)-cycloheptadiene-(1,6)-perchlorate] was
used to remove almost all of the UVB output of the UVA source. The
Cation X filter was a gift from Dr. Frank de Gruijl, University of Utrecht,
and was used at a concentration of 0.1 mg/ml through a 1 cm light path.
At this concentration the transmission of wavelengths below 340 nm was
0.0009% of the total output. With the filter in place, the UVA source
emitted UVAI. It can be estimated that even with the highest dose of UVA
(500,000 J/m2), the dose of contaminating UVB was a mere 4.5 J/m2.
Quantitation of urocanic acid isomers UCA isomers were quantitated
from the ears of control and irradiated mice as previously described (Norval
et al, 1988). Two mice per group were UV irradiated and then killed
immediately following the irradiation. The four ears from these mice were
stored frozen at –70°C for up to 3 wk before being homogenized, extracted
in alkali, and the UCA isomers quantitated by high-performance liquid
chromatography. The total UCA concentration per g wet weight and the
percentage as cis-UCA present in each ear was calculated.
Contact hypersensitivity assay The CH response to oxazolone was
measured by a standard technique as outlined previously (Moodycliffe et al,
1994). Briefly, the mice, in groups of seven or more, were anesthetized
with Hypnorm (Janssen, High Wycombe, U.K.), shaved, and UV irradiated
with a range of UV doses. The ears were protected from irradiation using
paper towels. Three days later, the mice received a sensitizing dose of
50 µl 1% oxazolone in acetone/olive oil mixture (4:1) on their shaved and
irradiated backs. Another group was treated in the same way but the mice
were not irradiated. Age-matched negative control mice received 50 µl of
the vehicle alone. Seven days after the sensitization step, ear thicknesses
were measured and all the mice were challenged with 25 µl per ear of
0.25% oxazolone on the dorsal surface. One day after the challenge, the
groups were coded and the ear thicknesses were measured again. The
mean increase in ear thickness for each individual mouse was first calculated,
and then the mean increase for each group of mice. The specific ear
swelling was obtained by subtracting the mean ear swelling response of
the negative control group. The percentage suppression was calculated
using the formula:
mean specific ear swelling of UV-irradiated group
100 – ( 3 100 )mean specific ear swelling of non-irradiated group
Delayed type hypersensitivity assay The DTH response to herpes
simplex virus (HSV) was measured as described elsewhere (Norval et al,
1989). Three days after the UV treatment (ears protected as above), eight
mice per group were infected subcutaneously with 1 3 106 plaque forming
units of HSV in the scruff of the neck (a UV-exposed site). An age
matched negative control group received phosphate-buffered saline instead
of being infected with HSV and a positive control group was infected
with HSV, neither group having had any previous treatment. Ten days
later, the ear thicknesses of the mice were measured and they were
challenged intrapinnally with 6 3 105 plaque forming units per ear of
inactivated HSV in a 10 µl volume. One day after the challenge, the
groups were coded and the ear thicknesses were measured again. The
mean increase in ear thickness for each individual mouse was first calculated,
and then the mean increase for each group of mice. The percentage
suppression of the DTH response was calculated as stated above for the
CH response.
Statistical analysis The mean and the standard error of the mean (SEM)
are represented in the figures. The SEM value for each group was calculated
in percentage by dividing the SEM value by the specific ear swelling of
the positive control group of mice and multiplying by 100. The Student’s
t-test was used to calculate the statistical significance of differences between
the data sets. The first data point to be significantly different from the
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Figure 2. Isomerisation from trans-UCA to cis-UCA using the TL-
12 source is more efficient than using the TL-01 or UVA sources.
The mean cis-UCA, as a percentage of total UCA in mouse ears following
UV irradiation with (a) TL-12, (b) TL-01, and (c) UVA sources. n 5 4
and the standard error of the mean is represented. Error bars are present
on all the data points but are too small to be seen on all but a few points.
*Shows a significant difference (p , 0.05) in the percentage cis-UCA
between the unirradiated and the UV-irradiated groups. The open squares
in (c) represent data obtained with the unfiltered UVA lamp.
unirradiated controls was taken as the threshold end-point for comparisons
between the effects of the different UV sources. p , 0.05 was considered
significant. Because the data were not amenable to a linear fit, no regression
lines could be drawn nor the slopes compared.
RESULTS
The development of erythema following UV exposure The
C3H/HeN strain of mice is pigmented, and erythema was assessed
by eye 24 h following irradiation. A single TL-12 broad-band
UVB exposure of 1500 J/m2 corresponded to 1 minimum erythema
Figure 3. Suppression of the CH response with the TL-12 source
is more efficient than with the TL-01 or UVA sources. The ear
swelling response to oxazolone following UV irradiation with (a) TL-12,
(b) TL-01, and (c) UVA sources is presented. n 5 7 and the standard error
of the mean is included. *Shows a significant difference (p , 0.05) between
the unirradiated and the UV-irradiated groups.
dose. The equivalent minimum erythema dose for the TL-01
source was 10,000 J/m2 (as previously reported in El-Ghorr et al,
1995) and for the UVAI source was 500,000 J/m2. The latter
finding is in agreement with the minimum erythema dose found
in BALB/C mice using a UVAI source (Dr. Johan Garssen, personal
communication). In comparison, the average minimum erythema
dose in human skin types II and III in one study is reported as
1170 J/m2 for UVB and 810,000 J/m2 for UVAI (Skov et al, 1998).
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Figure 4. Suppression of the delayed hypersensitivity response with
the TL-12 source is more efficient than with the UVA or TL-01
sources. The delayed hypersensitivity response to HSV following UV
irradiation with (a) TL-12, (b) TL-01, and (c) UVA sources is shown.
n 5 8 and the standard error of the mean is represented. *Shows
a significant difference (p , 0.05) between the unirradiated and the
UV-irradiated groups.
Cis-UCA content of ears following UV irradiation The
broad-band UVB source was the most efficient UV lamp for the
isomerization of UCA in skin. Significantly elevated levels of cis-
UCA were formed following an exposure of 100 J/m2 TL-12, and
approximately 40% cis-UCA was found after 1000 J/m2 (Fig 2a).
The TL-01 source was approximately 5–10-fold less efficient at
isomerizing UCA (Fig 2b) when compared with the TL-12 lamp.
The unfiltered UVA source produced 11% cis-UCA with an
exposure of 20,000 J/m2 but only 2% when the UVB wavelengths
were filtered out (Fig 2c), making this UV source the least effective
Table I. Summary of the dose response end-points using
the three UV sources normalised for the broad-band UVB
(TL-12) lampa
TL-12 TL-01 UVA I
MED 1 7 330
Formation 17% cis-UCA 1 5 2500
Suppression of CH response 1 10 100
Suppression of DTH response 1 100 10
aIt should be noted that the uncertainty in the above numbers is approximately
10%–20% for cis-UCA formation but may be as high as 50% for CH and DTH.
The latter large uncertainties arise because it is not possible to construct a smooth
curve through the data points and so the comparison is only done using the data
endpoints that first show a significant difference from the unirradiated controls.
for UCA isomerization. Filtered doses of UVA up to 500,000
J/m2 resulted in the formation of only 17% cis-UCA. A 2500-fold
lower dose of TL-12 radiation was sufficient to produce 17% cis-
UCA. A repeat experiment showed consistent results. All further
experiments were performed with the filtered UVA source.
Suppression of CH The CH response was significantly reduced
by approximately 40% following a single dose of 5000 J/m2 TL-
12 (Fig 3a). Ten-fold higher doses of TL-01 radiation (Fig 3b) or
100-fold higher doses of UVAI radiation (Fig 3c) were required to
suppress significantly the CH response to the same level (Table I).
The lower doses that were tested did not significantly suppress the
CH response. A repeat experiment showed the same pattern of
results. Interestingly, a slight enhancement in the CH response was
observed when low doses of UV were used. This occurred with
all three UV sources but did not result in a statistically significant
alteration of the normal CH response. Although quite high biologic
doses were required to suppress the CH response, there were no
visible effects on the skin of the mice, apart from slight erythema.
No desquamation was detected in the days following the exposure.
Suppression of DTH In the DTH experiment, much lower
doses from all three sources were required to suppress the response
compared with the CH response. A single exposure of 100 J/m2
TL-12 was sufficient to suppress significantly the DTH response
in the C3H/HeN mice (Fig 4a). Up to 100-fold higher dose of
TL-01 radiation (Fig 4b) or a 10-fold higher dose of UVAI radiation
(Fig 4c) were significantly suppressive (Table I). Higher doses of
UVAI (10,000 J/m2 and 500,000 J/m2) could also suppress the
DTH response (data not shown). A repeat experiment showed the
same pattern of results. The relative doses required to suppress
DTH from each of the three lamps did not correlate with those
required for the suppression of the CH response, or with the extent
of cis-UCA formation in the skin.
DISCUSSION
UV radiation is known to suppress certain aspects of the immune
response in humans and animal models. Particular emphasis has
focused on the UVB wavelengths that seem to play a more
prominent part in UV-induced immune modulation and cancer
promotion. The action spectrum for UV tumor induction, using
a hairless mouse model, shows a peak at 293 nm but with a broad
shoulder at 380 nm (de Gruijl et al, 1993). This activity in the
UVA part of the spectrum may be very significant, considering
the relative energy of UVA wavelengths in sunlight, and may lead
to significant immunomodulation.
Here we report that broad-band UVB (TL-12) is five to 10
times more efficient than narrow-band UVB (TL-01) radiation at
isomerizing UCA (Table I), one of the initiators of UV-induced
immune suppression. The TL-12/TL-01 potency ratio for cis-UCA
induction, in Skh-1 hairless albino mice, has been estimated to be
2.3:1 based on a limited number of doses (Gibbs et al, 1993b).
These findings are similar to ours, considering the variation in
experimental protocols and mouse strains. Our UVAI source
generated 17% cis-UCA at a dose of 500,000 J/m2. Others have
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observed that 50,000 J/m2 UVAI resulted in the formation of 15%
cis-UCA in the skin of BALB/c mice (Webber et al, 1997). This
lower dose may reflect the fact that different mice and different
UVAI sources were used. In all cases, however, it was found that
much higher doses (in the region of 50–350-fold) of UVA are
necessary to isomerize equivalent amounts of UCA in vivo when
compared with broad-band TL-12 radiation. A similar result was
reported by Kammeyer et al (1995) in human skin.
The CH response is often used as a means of quantitating the
strength of cell-mediated immune function. Langerhans cells play
an essential part in the induction phase of the CH response and,
although very little antigen processing of the small allergen molecule
occurs, antigen presentation is a crucial element. The CH response
could be suppressed by all three UV sources, even UVAI radiation,
although not until a dose of 500,000 J/m2 had been reached. This
amount of UVAI induced the formation of only 15% cis-UCA in
the epidermis which seems unlikely to be sufficient to initiate the
series of changes leading to immunosuppression. In addition the
dose of broad-band UVB required to produce this quantity of cis-
UCA (about 130 J/m2) did not lead to a lowered CH response
(Fig 2a). A UV source that emits a combination of UVAI and
UVAII radiation has been reported previously to induce cultured
keratinocytes to release soluble factors capable of suppressing the
CH response in C3H/HeN mice, but not the DTH response (Kim
et al, 1990). Also a similar UVA source suppresses the CH response
in C3H/HeJ mice after a chronic cumulative dose of 460,000
J/m2 (Bestak and Halliday, 1996). By filtering out the UVAII
component, we have shown that the suppressed CH response is
not due merely to the low wavelengths within the UVA bandwidth,
but that UVAI, at sufficiently high doses, is immunosuppressive in
its own right. Damage to DNA, particularly the formation of
thymine dimers, is one possible mechanism which may initiate the
suppression of immune responses following UV exposure (reviewed
in Vink et al, 1998). The most effective wavelengths for in vivo
DNA damage, however, are about 290 nm in mouse skin (Cooke
and Johnson, 1978) and near 300 nm in human skin (Freeman
et al, 1989), far removed from the UVA wavelengths. In addition,
functional tests, such as the mixed epidermal cell lymphocyte
reaction, indicate lowered sensitivity to UV as the wavelength
increases past 310 nm (Hurks et al, 1995). There is some concordance
of the effectiveness of the three lamps to downregulate CH
responses with the generation of erythema (Table I). This may
indicate the critical involvement of inflammatory mediators locally
in the skin, such as prostaglandins or neuropeptides.
The DTH response may be a more appropriate model of cell-
mediated immunity than CH when considering the response to
microbial infections or neoplasia. A protein or cellular antigen is
administered systemically which is taken up by antigen-presenting
cells, processed and presented to CD41 T cells in association with
major histocompatibility complex class II antigens (Matsushima
and Stohlman, 1991; Chen et al, 1996). All three lamps could
suppress the DTH to HSV, but this occurred at much lower doses
than with CH. It is not clear why this should be the case, particularly
with the UVAI wavelengths. In addition, the effectiveness of
suppression for DTH varied from that for CH. Whereas the dose
ratios for CH suppression were 1:10:100 for the TL-12:TL-
01:UVAI sources, the equivalent DTH ratios were 1:100:10
(Table I). There is published evidence that CH and DTH responses
are not regulated in the same manner and that their mechanisms
of UV-induced immunomodulation may also vary (for example
Kim et al, 1990; El-Ghorr and Norval, 1995, 1997). We have
shown previously that cis-UCA plays a major part in initiating the
changes leading the suppressed DTH response following UVB
exposure (El-Ghorr and Norval, 1995). The minimal dose of UVAI
that significantly downregulates DTH, however, is only 1000
J/m2 (Fig 4c), and this exposure induces an imperceptible increase
in the amount of cutaneous cis-UCA (Fig 1c). Thus, it is likely
that other mechanisms are involved, perhaps based on oxidative
effects including the generation of singlet oxygen (Krutmann and
Grewe, 1995).
The TL-12 lamp was more effective than the TL-01 lamp in all
the parameters which were tested. This probably reflects the
importance of a spectrum of radiation for efficient immuno-
suppression. The data that are presented here were derived following
exposure to sources of pure UVAI or pure UVB. In reality, solar
radiation contains both wavelengths. The combined effects of the
sun may be the sum of the effects of different parts of the UV
spectrum, or these effects may synergize or antagonize each other.
Preliminary evidence suggests that UVA radiation abrogates the
immunosuppression induced by UVB irradiation (Reeve et al,
1998; Dr. Johan Garssen, personal communication). Further studies
are currently underway in an attempt to elucidate the mechanisms
and extent of wavelength interaction in a variety of immunologic
investigations.
In conclusion, we have shown that broad-band UVB (TL-12
lamp) is more efficient than TL-01 and UVAI for suppression of
delayed hypersensitivity and cis-UCA formation. UVAI wavelengths
suppress DTH to HSV in mice at a minimum dose of 1000 J/m2
and CH to oxazolone at a minimum dose of 500,000 J/m2. The
wavelength dependencies of the tests performed do not follow
a set pattern indicating that differing mechanisms underlie the
suppression of CH and DTH. Recent investigations with a variety
of UV sources have confirmed that the mechanisms leading to the
suppression of CH and DTH are different (Kim et al, 1998). It is
likely therefore that cis-UCA is not the only mediator and that
other processes are involved in the complex interactions that lead
to the suppression of cell-mediated immunity by UV radiation. If
the same principles apply in humans, the findings reported here
have serious implications, particularly in relation to UVA photo-
therapy and when UVB blocking sunscreens are used, allowing
exposure to high doses of pure UVA.
We are grateful to Dr. John Crosby, School of Chemistry, University of Bristol for
the HPLC analysis of the urocanic acid isomers and to Dr. Neil Gibbs, Photobiology
Unit, Ninewells Hospital, University of Dundee, for performing the spectral output
determination of the three UV sources. This work was funded by an EC Environment
Programme grant.
REFERENCES
Anglin JH, Bever AT, Everett MA, Lamb JH: Ultraviolet-light induced alterations
in urocanic acid in vivo. Biochim Biophys Acta 53:408–9, 1961
Baadsgaard O, Salvo B, Mannie A, Dass B, Fox DA, Cooper KD: In vivo ultraviolet-
exposed human epidermal cells activate T suppressor cell pathways that involve
CD41CD45RA1 suppressor-inducer T cells. J Immunol 145:2854–61, 1990
Baden HP, Pathak MA: The metabolism and function of urocanic acid in skin. J
Invest Dermatol 48:11–7, 1967
Bestak R, Halliday GM: Chronic low-dose UVA irradiation induces local suppression
of contact hypersensitivity, Langerhans cell depletion and suppressor cell
activation in C3H/HeJ mice. Photochem Photobiol 64:969–74, 1996
Chen W, Murphy B, Waaga AM, Willett TA, Russell ME, Khoury SJ, Sayegh MH:
Mechanisms of indirect allorecognition in graft rejection: class II MHC
allopeptide-specific T cell clones transfer delayed-type hypersensitivity responses
in vivo. Transplantation 62:705–10, 1996
Cher DJ, Mosmann TR: Two types of murine helper T cell clone. II. Delayed-type
hypersensitivity is mediated by TH1 clones. J Immunol 138:3688–94, 1987
Cole CA, Davies RE, Forbes PD, D’Aloisio LC: Comparison of action spectra for
acute cutaneous responses to ultraviolet radiation: man and albino hairless
mouse. Photochem Photobiol 37:623–31, 1983
Cooke A, Johnson BE: Dose response, wavelength dependence and rate of excision
of ultraviolet radiation-induced pyrimidine dimers in mouse skin DNA. Biochim
Biophys Acta 517:24–30, 1978
El-Ghorr AA, Norval M: A monoclonal antibody to cis-urocanic acid prevents the
UV-induced changes in Langerhans cells and delayed hypersensitivity responses
in mice, while not preventing dendritic cell accumulation in lymph nodes
draining the site of irradiation and contact hypersensitivity responses. J Invest
Dermatol 105:264–8, 1995
El-Ghorr AA, Norval M: The role of interleukin-4 in ultraviolet B light-induced
immunosuppression. Immunology 92:26–32, 1997
El-Ghorr AA, Norval M, Lappin MB, Crosby JC: The effect of chronic low-dose
UVB radiation on Langerhans cells, sunburn cells, urocanic acid isomers,
contact hypersensitivity and serum immunoglobulins in mice. Photochem
Photobiol 62:326–32, 1995
Elwood JM, Diffey BL: A consideration of ambient solar ultraviolet radiation in the
interpretation of studies of the aetiology of melanoma. Melanoma Res 3:113–
22, 1993
762 EL-GHORR AND NORVAL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Freeman SE, Hacham H, Gange RW, Maytum DJ, Sutherland JC, Sutherland BM:
Wavelength dependence of pyrimidine dimer formation in DNA of human
skin irradiated in situ with ultraviolet light. Proc Natl Acad Sci USA 86:5605–
9, 1989
Garssen J, Norval M, El-Ghorr A, et al: Estimation of the effect of increasing UVB
exposure on the human immune system and related resistance to infectious
diseases and tumours. J Photochem Photobiol B Biol 42:167–79, 1998
Gibbs NK, Norval M, Traynor NJ, Wolf M, Johnson BE, Crosby J: Action spectra
for the trans to cis photoisomerisation of urocanic acid in vitro and in mouse
skin. Photochem Photobiol 57:584–90, 1993a (Correction: Photochem Photobiol
58: 769, 1993)
Gibbs NK, Norval M, Traynor NJ, Crosby JC, Lowe G, Johnson BE: Comparative
potency of broad-band and narrow-band phototherapy sources to induce
edema, sunburn cells and urocanic acid photoisomerization in hairless mouse
skin. Photochem Photobiol 58:643–7, 1993b
de Gruijl FR, Sterenborg HJ, Forbes PD, et al: Wavelength dependence of skin
cancer induction by ultraviolet irradiation of albino hairless mice. Cancer Res
53:53–60, 1993
Howie S, Norval M, Maingay J: Exposure to low-dose ultraviolet radiation suppresses
delayed-type hypersensitivity to Herpes simplex virus in mice. J Invest Dermatol
86:125–8, 1986
Hurks HM, Out-Luiting C, Vermeer BJ, Claas FH, Mommaas AM: UVB-induced
suppression of the mixed epidermal cell lymphocyte reaction is critically
dependent on irradiance. Photochem Photobiol 62:485–9, 1995
Kammeyer A, Teunissen MB, Pavel S, de Rie MA, Bos JD: Photoisomerization
spectrum of urocanic acid in human skin and in vitro: effects of simulated solar
and artificial ultraviolet radiation. Br J Dermatol 132:884–91, 1995
Kim TY, Kripke ML, Ullrich SE: Immunosuppression by factors released from UV-
irradiated epidermal cells: selective effects on the generation of contact and
delayed hypersensitivity after exposure to UVA or UVB radiation. J Invest
Dermatol 94:26–32, 1990
Kim TH, Ullrich SE, Ananthaswamy HN, Zimmerman S, Kripke ML: Suppression
of delayed and contact hypersensitivity responses in mice have different UV
dose responses. Photochem Photobiol 68:738–44, 1998
Krutmann J, Grewe M: Involvement of cytokines, DNA damage, and reactive
oxygen intermediates in ultraviolet radiation-induced modulation of
intercellular adhesion molecule-1 expression. J Invest Dermatol 105(Suppl.
1):67S–70S, 1995
Matsushima GK, Stohlman SA: Distinct subsets of accessory cells activate Thy-11
triple negative (CD3–, CD4–, CD8–) cells and Th-1 delayed-type
hypersensitivity effector T cells. J Immunol 146:3322–31, 1991
Moodycliffe AM, Kimber I, Norval M: Role of tumour necrosis factor-α in
ultraviolet B light-induced dendritic cell migration and suppression of contact
hypersensitivity. Immunology 81:79–84, 1994
Noonan FP, De Fabo EC: Immunosuppression by ultraviolet B radiation: initiation
by urocanic acid. Immunol Today 13:250–4, 1992
Norval M, McIntyre CR, Simpson TJ, Howie SEM, Bardshiri E: Quantification of
urocanic acid isomers in murine skin during development and after irradiation
with UVB light. Photodermatology 5:179–86, 1988
Norval M, Simpson TJ, Bardshiri E, Howie SEM: Urocanic acid analogues and the
suppression of delayed type hypersensitivity response to Herpes simplex virus.
Photochem Photobiol 49:633–9, 1989
Norval M, Gibbs NK, Gilmour J: The role of urocanic acid in UV-induced
immunosuppression: recent advances 1992–94. Photochem Photobiol 62:209–
217, 1995
Reeve VE, Bosnic M, Boehm-Wilcox C, Nishimura N, Ley RD: Ultraviolet A
radiation (320–400 nm) protects hairless mice from immunosuppression induced
by ultraviolet B radiation (280–320 nm) or cis-urocanic acid. Int Arch Allergy
Immunol 115:316–22, 1998
Skov L, Hansen H, Allen M, et al: Contrasting effects of ultraviolet A1 and ultraviolet
B exposure on the induction of tumour necrosis factor-alpha in human skin.
Br J Dermatol 138:216–20, 1998
Vink AA, Shreedhar V, Roza L, Krutmann J, Kripke ML: Cellular target of UVB-
induced DNA damage resulting in local suppression of CHS. J Photochem
Photobiol B Biol 44:107–11, 1998
Webber LJ, Whang E, De Fabo EC: The effects of UVA-I (340–400 nm), UVA-II
(320–340 nm) and UVA-I1II on the photoisomerization of urocanic acid
in vivo. Photochem Photobiol 66:484–92, 1997
